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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL MEMORARDUM NO, 1088

A PHOTOGRAPHIC PROFILE RECORDER FOR AIRSCREWS AND WING MODZLS!?

By R, Euhl and K, Raabd

This report describes an apparatus enadling measure-—
ments of bodles to be made photographlically, where other
methods would be difflcult, It 1s especlally useful in the
case of airgscrews and wling models, The utility of the
machine 18 shown by a few examples of proflile records,

BASIC FEATURES

As the generallty of measuring instruments are not
well adepted to checking the measurements of parts such
as alrscrews and wing wodels, a smell photographic appa—
ratus was developed several years ago accorclng to a
suggestlon by Professor Betz, at the Aercdynahlc Experi-
mental Laboratories at Gottingen suitable for ailrscrew
models’, The favorable results achlieved and inquiries re—
ceived from constructors, led to a larger machine belng
made, suitable for measuring full elize alrscrews end wing
models, The lncrease.in slze of the machine due to the
full slze alrscrews which were now to be measured, called
for substantiel modificationse in the design, which 1s
capeble of dealing with models of 35—~millimeter depth of
proflle, while the length may be 3 meters or more,

lngin vhotogravphisches Profll-Aufnahmegerst fir Luft-

echrauben und Modelltragfliagel." ILuftwiesen, vol. 5, no. 5,
1938, pp. 18%-185.

®The firet model of thise aoparatus was described in the
Wissenschaftliche Gesellschaft fiir Luftfahrt Yearbook 1929,
an imoroved model in the fourth 1ssue of "Ergebniese der
Aerodynamischen Versuchsanstalt G8ttingen."

NOTE: Reprint of R.T.P. 3 Translation No. 2197; 1ssued
by the Ministry of Aireraft Production, London, England.




HACA TM No. 1088 3

Naturally, the profiles of other experimentel parts can
be .recorded photographically: for example, fuselage models,
float models, struts or the like, such as full size alrscrews,
girder gsections, dbar or rod sections, and so forth,

In order to have & machine easy to handle mand uelng
standard photographle plates of 13 X 18 centimeters, the
photos were arranged for e scale reductlon of 1 to 2,

In this way the manufacture of the apparatus, running costs,
end also the space required, are considerably reduced,

The measurements lnclude the proflles and thelr relatilve
positions, The coordinates of the profiles can be determinedd
numnericelly with the help of a diagram cf coordlnates rrranged
on a definite scale (e, g, with the special apnaratus made by
Carl Zelss, and descridbed in the 3rd issuwe of M"Ergebnisse
der Aerodynauischen Versucheanstalt Gottingen")3 or they cen
be compared with the drawings of the models,

As will be seen From the dlagram (fig, 2) a profile
of the unlighted cobject 1s 1lluminated by & luniacus plane
and phctographedi, At the same time, the cauera, 1ndlceted
in the dlagram by the sensitlzed plate and objectlve, is
caugsed to revolve rcund the profile which 1s being photo—
graphed, and the sensitized plate 1s traveled 1n relaticn to
the objective, by means of a cinematograph ncvement, so that
1t does not revolve on its own axls, dbut only ccves alcng its
circular path, with 1ts plane prrallel to the chjective,

In crder to secure a satisfactory plcture of the profile
certaln geonetricnl conditions wust be fulfilled, While the
camera in following ite orbit 1s odliged to turn, the rlste
must be turned back with respect to the camera through an
angle equerl to thet turned through by the csrers n~nd its
holder on thelr axls, PFurther, the nlanes of the photo—
graphic plate and luminous plane must be exactly parsllel to
each other and muet be at right angles to the exis of rotation
of the csmera holder and to that of the plate, The last
coniition to be fulfilled 1s the optical one, The opticel
center of the objective must lie on the line Joining the
intersection between the plane of the plate and the axis of
rotation of the plate with the intersection of the luminous
Plane and the axie of rotation of the cauera,

While the first two requirements cesn be fulfilled dy
acecuracy of menufescture and erection, -the last mentioned
condition can be met by the arrangement provided for adjust—
ing the objective,
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DESCRIPTION OF THE APPARATUS

Detalls of deslgn and method of operatlng the machine
are glven below,

Figure 3 is a 8l1de elevation of the apparatus, which
consists of three principal parts:

1. Bedplate [1] with the two bearing pedestels [2,3]
and outrigger bracket [4]

2. Cemers holder [5] with camera [6] and the lighting
arrengement [20,21]

3, Wing support or propeller clamp [8]

A fixed helical spur wheel [9] 1s bolted to the bearing
pedestal [2], the axis of this wheel coincidés with the axls
of rotation of the camera holder, A pinion [10] gears in

with the aforesald spur vheel, 18 supported by 1lts dbearing,
carried in the camera body (fig, 4) and as the camera holder
[6]revolves the pinion is carriled round on the statlonary
helical spur wheel [9]., Inslde the camera plate holder housing
1s mounted a spurwheel [11] on the same spindle as the helical
pinion [16]:([11] is shown dotted in fig, 4). The spurwhoel
[11] 1s geared to the spurwheel [12] which also has its bear—
ing in the camera plate holder housing ané supports the plate
holder carrier [13]., The gear ratios of the wheels which are
geared together are ldentical, so that the relative angular
movement of the csamera holder and hence rlso of the camera
with respect to the plate holder and plate are the same,
Careful manufacture and a minimum of backlash in the gears

are necessary as otherwise complete profiles are unobtalnebdle,

The camera holder is a hollow cylindricel body, open at
both endsy thus it 1s possible to accomodate very long models,
It is rotabably mounted on four pairs of ball bearings [15]
and 18 perforated to give passage to light reaching the
objJective, In addition, brakes [17'are uounted on the bearing
pedestel [3], by means of which the camera holder can be
gripped la any desired position. Adjustable enclosed counter—
welghts [18] are placed in posltions to counterbalence the
welghts of the camera [6] and the lighting arrangements (fig.5)
{20, 21], respectively,

The objective [19] is secured to the csmera (fig. 4).
It provides the necessary vertical and transverse adjustuents
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with dovetall guldes and worm—and— wheel gear for axial
adJustment, The obJectlve used was a "'wide—angle
aristostigma® .supplied by Hugo Meyer, GB8rlitz —: the lens
eperture is 1:9 end focal length 16 cenvlimeters. Thils
obJective was chosen on account of 1its far—reaching lack
of distortion, a feature which was of speclal importance
as owlng to the scale reduction to half size, the accuracy
of the record made had to be twice as great as when the
profile is reproduced to full slze, This requirement was
more dlfficult to meet owing to the wide angle of the image,
of up to 80°, resulting from the oblique position of the
objectlive 1in respect to the image on the plate, Generally
speakling, the different cross sectlions of the hody to be
measured will simply be photographed, one over the other,
In case the individual profiles colncide too closely

80 as to lead to confuslon, the plate must be sultabdbly
displaced between the exposures, For this purpose the
rlate holder carrier with the plate holder 1s mounted on
slides,

The lighting unit (fig. 6) consists of the lamp housing
[20] with five low—voltage Osram lamps nlaced in line, which
produce a luminous plane with the help of the slot plates
{21] which provide a slot of adJjustable width, The whole
arrangement 1s supported by a three—point bearing on the
camera holder 5], in order to be able to set the luminous
Plane exactly parallel to the plane of the sensitized plate,
The current is conducted via two slip rings [22] (fig. 3)
mounted on the camera holder,

The support or clamp [8] for holding modele [16 ] is of
steel tubular comnstruction with suspension wires for holding
the models, designed so es to allow the least possible
obstruction of llght between the object and the objesctive,
The steel tudbular cage 1s supported by four rollers. In this
wvay the cage can be moved along the rails [14]. One of the
ralls 1s graduated in millimeters and by means of vernilers
marked on the cage the required movements can be measured off
exactly,

Tour reference markers painted white 233 (fig., 3) serve
to flx the podnts of a rectangular system of coordinates on
the photographic plate, The markers sltuated verticrlly
above each other determine a2 vertical 1ine and those lying in
a horigzontal position indicate a horizontel plane parallel to
the plane of horizontesl displacement of the cage. These
markers appear as ghort lineg on the photographs, and provide
points of reference on every photograph for the system of
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coordinates! — for example, K in the case of reconstruction
of a wing with trapezold taper from the wing halves appear—
ing. on each.of -two plates, o

EXAMPLES OF APPLICATIONS

In figures 6 to 8 profile photos are shown of two wing
models and of one alrscrew, taken with the apparatus here
described. VWhite powder was spread on the models before
teking the photographs in order to shorten the time for
illuminating them, Figure 6 shows on the same plate proflles
of the wing mounted in the cage as seen in figures 1 and 3,
The profiles shown in full lines are photos taken of the
starboard half of the wing; whereas the dotted lines refer
to the port side, The dotted lines were obtsined by re-
moving the powder at suitable intervals, By settlingz up
the profiles of the two wing halves in opposition, the
accuracy of construction of the models can be easlly
recognized,

Figure 7 shows a profile wlith flap deflected and wide
slot, Figure 8 shows an alrscrew profile — full sise,
In taking profiles of airscrews, two of the markers which
mark the axes of the coordinates, must be located accurately
in the axls of the screw end must be included in the photo-
graph, The perpendicular to this axlg wlll accordingly
represent the plane of rotation of the sirscrew, The angle
between this plane and a chord of the profile will give the
plteh angle,

Translation by H., I. Lewen=z.

lFor printer'!'s reasons the marks for the coordinates
in figures 6 to 8 have been omitted.
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» Sensitized plate.

axis of rotation of the plate.

axis of rotation of the camera.
objective,.

luminous plane,

» model of wing with trapezoidal taper.

HEHHoWe

Figure 2,- Diagrammatic illustration of the
Photographic process.
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70

10,
11,
12,
13,

Figure
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Figs. 3,4,5

79
4 é

1, bedplate. 14, rails,
2, bearing pedestals, 15, pairs of ball bearings (4 in all).
%, bearing pedestals, 16, model,
4, outrigzger bracket. 17, brake lever.
5, csmera holder. 18, balance welghts (enqlosed).
6, camera. 12, objective (enclosed).
8, support for wing model 20, lighting arrangement.

or propeller, 21, lighting arrangement.
9, fixed spurwheel. 22, slip rings.
0, pinion, 23, reference markers,

Figure 3.- Side elevation of profile recorder for wing models.
77 72 73
79

pinion,: - - o :
spur wheel (shown dotted).

spur wheel drive for plate holder.
plate holder carrier.
objective.

4,- Camera with plate holder housing.

20, lemp housing.
21, slot plates,

Figure 5.~ Lighting arrangement.,
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starboard profile: y = 850, 250,
450, 590 mm from centre of wing.
———port profile: y = 450 mm from
centre of wing.

Figure 6,- Profile of a trepezoldal wing.

Figure 7.- Simple slotted flap profile.

Figure 8.~ Full slze profile of an airscrew.

. D = 2500 mmy; H = 1600 mm. Profiles
taken at distances of 150, 300, 450, 600, 750,
900, 1050, 1230 mm from the axis of the pro-
peller,
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